The problem of low-frequency acoustic waves emitted by wind turbine farms has become a great challenge to acousticians in Europe for more than 20 years. In Poland wind farm industry is growing rapidly and generates questions about the inuence of such sounds on human organism. A short survey of previously published reports concerning subjectively perceived inuence of wind turbines on people living next to wind farms is given together with the results of the Thayer's test measuring the dierence in activation level before and after exposition on infrasound wave generated by a wind turbine. Statistically signicant increase of the High Activation Level representing a tension type arousal has been revealed.
There is a relatively small number of standards concerning the impact of wind power plants on the environment and assessment reports dealing with this issue.
Most of them pertain to hazardous (and not arduous or annoying) noise generated by wind farms.
Despite the undeniable fact that modern wind turbines generate much less noise than their precursors, their impact on human life becomes more and more noticeable.
That type of noise, in specic weather conditions, propagates over much larger distances and reaches much higher values (by about 1015 dB) than those calculated from numerical models [2] . In most cases this is an impact perceived subjectively, i.e. presence of wind turbines induces acoustic and extra-acoustic annoyance (distraction, irritation). These factors, determined mainly on the grounds of modeled sound levels and questionnaire surveys (carried out especially in The Netherlands and in Sweden), are related to the level and spectral content of the sound * corresponding author; e-mail: cekasp@agh.edu.pl generated by turbines and emitted to the surrounding environment, including regions populated by people, as well as to the time of the day, weather conditions (wind speed and direction), personal attitude to wind power business (enthusiasts opponents), distance to the nearest wind farm, or age of the respondents [311] .
Moreover, the noise generated by wind farms is assessed as more annoying then transportation and industrial noise [11] . As the sound emitted by wind farms is a relatively new type of noise to which large communities would be exposed, any dose-response curves based on extensive measurements are still hardly available. The curves, well known for transportation and industrial types of noise [12] , although extremely important from the point of view of the necessity to determine the maximum allowable exposure to noise with respect to its annoying eect, are currently just in the stage of development [7, 10, 11] .
In Poland, currently only about 0.7% of electric energy is acquired from the power of wind. To date, no comprehensive research was carried out in our country on the impact of sound generated by wind farms on comfort of people living in the vicinity of wind farms, although the problem as such has been already noticed [13] . In view of the observed dynamic growth the of wind power business and plans of its further development, one should expect that problems similar to those arising in the countries where a signicant fraction of energy is obtained from wind farms will be soon encountered also in Poland. 
Fig. 1. Results of survey questionnaires carried out in
The Netherlands. The respondents were asked to point out a verbal description representing in a best way the sound generated by win power turbines [10] .
A description frequently selected in both of the described above groups with dierent sensitivity to presence of wind farms, was swishing/lashing [7, 10, 11] . Statistical correlation of the description swishing/lashing with annoyance was signicant (r = 0.72).
In Fig. 2 , results of a questionnaire survey carried out in The Netherlands are presented concerning circumstances in which the audibility of sound generated by wind turbines is increased [11] . As it could be expected, most of respondents assessed these sounds as louder ones at stronger wind blowing towards their houses.
Fig. 2. Results of survey questionnaires carried out in
The Netherlands. The respondents were asked to determine the eect of wind direction and strength on subjective perception of sound generated by wind power plants as well as its subjective loudness in the nighttime [10] .
Somewhat surprising were answers to the question about loudness in the night: for 22% of respondents, the sound was quieter in the night than during the daytime, while the fractions of respondents claiming that the sound in the night was louder or comparable were almost equal to each other (40% and 38%, respectively). In earlier papers, noise perceived in the night was described as very annoying [2] . This divergence can be related to the fact that average height of wind turbine towers is increasing by the year, as shown in Fig. 3 . Fig. 3 . Average height of wind turbine tower in The Netherlands [9] .
Annoyance of sound generated by wind turbines was compared to this caused by transportation and industrial noise [7, 10, 11, 14] . The attempt to determine exposure-response curves for wind power plant sounds in conditions outside and inside dwellings has been presented by Janssen [14] .
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a large base of data from many counties would be required. To date, comprehensive studies in this direction were carried out mainly in The Netherlands and in Sweden [11] . The result of the comparative study on wind turbine noise outside dwelling house in these countries carried out by means of a survey questionnaires lled in by respondents deriving no economic benets from these facilities is shown in Fig. 5 . The noise was assessed in a 5-degree scale (1 = do not notice; 2 = notice, but not annoyed; 3 = slightly annoyed; 4 = rather annoyed; 5 = very annoyed) depending on the sound level on the building's facade. Apart from subjective assessments, objective research on the impact of infrasound on humans has been also carried out and revealed some changes in EEG and ECG signal recordings [15, 16] .
Experimental research
Experimental research was carried out with a test group of 35 individuals aged from 19 to 23. Details of the experimental procedure are given in [17] . From acoustic signal registered at a distance of 750 meters from a wind turbine, frequencies above 20 were then ltered out. The acoustic signal obtained this way was presented to the test participants for 20 minutes. The level of the applied acoustic stimulus was SPL = 91.6 dB(LIN)/39.2 dB(A). Figure 6 shows the spectrum of the acoustic signal the subjects were exposed to. Before and after the test, member of the group responded to the Thayer's test measuring the activation level.
The Thayer activation list, known also as the Activation Deactivation Adjective Check List (AD ACL) has been proposed by Robert E. Thayer, professor of psychology at the California State University in Long Beach, USA [18] . Polish adaptation was worked out by Helena Fig. 6 . Acoustic spectrum of the applied infrasound noise.
Grzegoªowska-Klarkowska [19] . The scale is commonly considered as a good tool useful in subjective assessment of human mood.
Thayer has proposed to divide the activation scale into four subscales:
• General Activation (GA) equivalent to Energytype activation in which a person can be described as active, energetic, vigorous, lively, full-of-pep;
• High Activation (HA) called also the Tensiontype activation a person is jittery, intense, fearful, clutched-up, tense;
• General Deactivation (GD) equivalent to Calmness-type activation a respondent feels placid, calm, at-rest, still, quiet;
• Deactivation-Sleep (DS) described also as the Tired-type activation a person feels sleepy, tired, drowsy, wide-awake, wakeful.
The activation level was measured before and after completion of exposure to infrasound. Table I Results of the performed analysis concerning the activation level change before and after exposure to infrasound are shown in Table II. A-48 
Conclusions
The wind power industry grows dynamically all over the world and Poland is no exception in this respect.
However, vibroacoustic issues assessed by means of objective and subjective methods and reported in available literature of the subject remain still insuciently recognized and examined in Poland.
One can speculate that the scale of problems related to sound and vibration emissions generated by wind turbines will increase in this country. However, in view of cultural dierences it is rather dicult to predict whether Poles will assess annoyance subjectively in the same way as the Swedes or the Dutch. Therefore, there is an urgent need to undertake in-depth research on vibroacoustic phenomena relating to wind farms oriented at both scientic and utilitarian (regulatory) aspects of the problem.
Experimental tests of the impact of a 20-minute exposure to infrasound signal with spectrum characteristic for wind turbines demonstrated statistically signicant eect in the form of an increase of tension-type activation.
